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Page 992 A SYST-EM FOR DIF'FERENI'IATING RACES
OF PUCCINIA STRIIFORMIS IN THE UNITED STATES

R. F.  L ine, E. L.  Sharp,  and R. L.  Powelson2

Abstract

A sysi,em for dif ferentiat ing races of Puc:cinia str i i formis in thc lJnited States
r;  l ) r ' { } l ) ( ) r i ( ' ( l  ,  l l  t t ; t :s t l re t tunt l rc ls f  t , . , ' i  l .u* ict , r ; , ' t i l ,  sJ* ' r t , l r l le lcrr t ia l  crr l t iv lL ls;
of wheat ancl a slash (/) to separ' :r te cult lvars on which the pathogen is avirulent
f lorrr  cul t ivrrrs olr  which the pathogen is v i ru lent.  Thus race 2, i ,6,7,81I, :1 ,4 is
i rv i r r r leni .  on cul t ivars 2,  5,6,7 and 8 and vrrLr lcnt  on cul t ivars 1,3 and 4.  ' I ' t re
systenr is open-endcd and is intended to complement systems used at vari t .rus
Iocations in the United States.
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Races of Puccinia str i i formis West. f ,  sp. tr i t ic i  Eriks. & E. Henn. are identi f ied in
Europe Uy ,rs ing a stanaa.O set oi  a i l ferent ia l  whEatTul t ivars (2,3).  The European set of  c l i f  -
ferential cult ivars, however, does not effect ively dif ferentiate the predominant races of P.
str i i - formis in the United States, Investigators in Montana, Oregon, and Washington havJit len-
t i fre.t  coltect ions of P, str i i formis with dif ferent patterns of pathogenicity. They have used
their own sets of aif fere"t iat cr., i t ivars inoculated and grown under various environmental con-
di t ions (1,6,8,9).  Therefore,  resul ts f rom the var ious locat ions are not easi ly compared.

In 1.969, the authors met with Dr. J. C. Zadoks of the Laboratorium Voor Fitopathologie
at Wageniugen, Nethcrlands, and FrI,  Dr. E. Fuchs of the Biologische Bundesanstalt  fUlr Land
und Forstwirtschaff at Braunschweig, Germany ( investigators working with races of P. str i i -
i 'ormis in l } r rope) to c l iscuss aspects of  race ic lent i f jcat ion and to lormulate a. ,n i fornisy-stem
to ident i fv and descr ibe races of  P.  str i i formis in the tJni tcd States.  T 'he system agreer l  upon
is  de.scr iher l  in th is repor l  .

PROPOSED SYSTEM FOR RACE DI} 'FERENTIATION

Scvcn t : r r11 jvars;  of  r ,yhcat (Table 1) were selectccl  for  d l f feqent iat inq raccs of  ?.  s l r i i forr l is
in the Uni ted States.  The seven cul t ivars were selected because thev havc ef fcct ive[y r ] r f l t : r t 'n-
t iated col lect ions of  rust  f rom ldaho, Montana, Oregon, l l tah,  and Washington (1,6, iJ,9).  In-
vest igators nay cont inuc to use their  own systems of  ident i f r - ing and classi fp, ing I ' r l ;hogenic cLi l -
t r . r rcs whir :h lhcy cnt tot ln l .ct 'ancl  thcrcl l<tre wj . l l  have l . l re i r  own svsl . ( . rns ol  r r r r r r r in11 I i l ( ' ( 's ;  l r , , r r -
cv<:r ,  whenever possible,  thcy shoulr l  inclur lc thc <:ul l . ivars in ' Iablc l  to c l t 'scr i l to thc rat . t 's .

We propose that the races be desr:r ibecl  by using the cl i f ferent ia l  nrrmbcrs that  represent
r l rn cuLl ivars in Tahle 1.  A s lash ( / )  is  use, l  to separale numbers thal  represent cul t jvars on
-which the race is avirulent f rom numbers that  represent cul t ivars on lvbic l - r  the race is v i ru lent.
' fhe numbers of  the di f ferenl ia l  cul t ivars on which the race is avirulent are to the lef t  of  the
slash, and the numbers for  cul t ivars on rvhich the race is v i ru lent are to the r ig i r t  of  the s1ash.
l fht is,  race 2,4,5,6,711,3 is avirulent on Chinese 166, Moro, Suwon g2/Omar,  Drucl-ramp,
and Riebesel  47-5I  and virulent on Lemhl and Heines VII ;  race 2,5,6,711,3, .1 is avirulent on
Clr inese 166, Suwon i2 l ( )mar,  Druchamp, and Riebesel  47- l - r1 and virrr lcnt  on Lernhi ,  i {o ines
VII ,  and Moro. The pathogen is consic lered avirulent on the host i i l  thcrc are no svmptonrs,  ot '
i I  the svmptoms consist  of  f lecks or of  necrot jc cr  chlorot ic hlotches . , r i thoLrt  sporulat ion (or

with only a t race to s l ight  sporulat ion).  l f  there is more than a t race of  sporulat inn,  wi th or
tv i lhoLt l .  chlorosis or necr losi .s,  1,hc pathogcn is considered virulent.  Tl l rs,  i r r {oct . ion l .vpos r l r .s-
r i ' r ; r i . , l  l r l  l l r r 's ,ytr t i ro ls {)  r r r t r l  I  usl , l l )v l lungcr ' forr l  and ()wens (4);  i ,  oo,  0,  an<i  I  r rscr l  l ry
{  i ' r ; r ; f  r r ' l  r r r t< l  Stra. ib ( lJ) ;  and O.1,2, ; i ,  and 4 r 'cyr l r r tcr l  l rv McNcaI,  ct .  aL.  (7)  zrre consir lc:r 'cr l
rv i ru lent.  Infect ion types designated by t l ie s.ynrbols 2,3,  and 4 by l {ungerford anr l  ( )wer-rs(4);

I I ,  I I I ,  and IV used by Gassner anr i  Stra. ib ( l l ) ;  and 6,7,8,  and I  repor ied by NicNeal,  ct  a l .  (?)

arc col ts ic lercd v i r r : lent ,  When possible,  the cul t ivars used to ident i fy the col lect ions of  rus1.
should be l is tcd according to infect ion type, wi th the lowest inJect ion type to the lef t  anr. l  the
l ' r ighest infect ion type to the r ight .

In addi t ion to use of  the seven cul t ivars and the infeci ; ion tvpes descr ibed above, the fo i -

lowing procedures are proposed in or<. ler  to standardize the jdent i f icat ion of  LI .  S.  races so that

rcsul ts can be compared. Infect ion types wi l l  be determined on thc f i rst . ,  or  on 1. l re sc.conr l ,  or

on both f i rst  and second leaves of  seedl ings.  I f  the infect ion types on the f i rst  and second

leaves di f fer ,  the infect ion t ) 'pc on the second leaf  wi l l  be used. Seedl ings should be grown

before and af ter  inoculat ion in 12 hours of  dark and 12 hours of  l ioht  / rooo f t -n on hiohsr.)  a l

Table I Dif ferent ia l  cul t ivars lor  ident i fy ing races of  Puccinia
str i i formis West.  in the Uni ted States.

Di f ferent ia l  No. C ult ivar C'l  or  l ' I  n, , .

1

3
4
lr
6
7

Lemhi
Chincsc I  66
I Ie i  nes VII
Niloro
Suwon 92 /  ( )mrLr

Druchamp

Riebesel  47-51

1141:r
11765

:2()111r:)
13740
1: i7+11

137 2: l
2959!)9
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temperatures programmed to change gradually from a minimum of 2oC during the dark perrocJ,
to a maximum of 1B"C during the l ight period and programmed to change gradually from the
maximum temperatnre in the l ight to the minimum temperature in the dark.

To i l lustrate the systems of identi fying races of I ,  str i i formis in the United States, thcre
may be a race identi f ied at Pul lman, Washington, designated as PNW-8, a race at Corval l is,
Oregon, designated as CSE-17, and a race at  Bozeman, Montana, designated as MAES-26,
Under the proposed system aLl  three races may be descr ibed as U.S. race 6,711,2,3,4,5,
Each of the col lect ions from the three locations may have certain unique characlerist ics base<.i
on the system used at those locations, but a]1 have certain characterist ics in common accord-
ing to the system that is proposed here.

DlscussloN

' I 'he seven cult ivars and the procedures for using them to identi fy races of P. str i i formis
in the United States as described here are by no means to be considered permanent. f ' f re irst
of dif ferential cult ivars must be open-ended, so that cult ivars can be adde<i to or deleted frorn
the l ist whenever more information on the pathogenicity of P. str i i formis in the United States
is avai lable. Revisions should be made after evaluation by the investLgators concerneu, irno
reported in an appropriate journal.

As far as possible, single genes hawing major effects on resistance should be ut i l ized ir"r
the dif ferential cult ivars, Resistance of cult ivars with several addit ive genes rnay be ini lLi-
enced greatly by temperature (5). Attempts to obtain cult ivars with single genes for resist-
ance, by developing near isogenic l ines in a Lemhi background, are underway. We hope thiLt
they may be ut i l ized as dif ferential l ines in the future.

This system proposed for the identi f icat ion of races of P. str i i formis is not intencled onlv
for Lhe purpose of identi lying races. I t  is also intended as imeaG-f pfEsentlng infor.uratrun
on genes for virulence in P. str i i formis and on corresponding genes for resistance in wheat.
This should lead to a mor6 raplA aci lrnulat ion of in-formation on such factors as mechanrsms
of variat ion, distr ibution and origin of dif ferent pathogenic enti t ies, and breeding of cult ivars
with resistance to rust,,
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